Abstract -The marble factory in this study is a typical instance of a flow shop based production system. Adding new machines to the plant and/or introducing a new product may convert the actual layout to an inefficient one. Such cases may cause a significant increase in transportation of materials between machines that decreases the utilization rates of machines and operators as well as overall productivity. Therefore, facility planning is a key issue in marble plants in terms of total cost and customer satisfaction. Another important property of these plants is its dynamic and stochastic behavior in terms of scrap rates, demands and processing times. The aim of this study is to develop an efficient plant layout for such dynamic systems. At first, the simulation model of the current system is built on ARENA 10.0. Then, an alternative layout is generated after some analysis and then, it is evaluated via simulation model. The proposed layout provides reduction in total transportation time as well as an increase in productivity.
INTRODUCTION
Turkey is one of the leading countries in re-crystallized limestone and travertine reserves. According to 2003 data, Turkey has exported 1400000 tons of marble blocks in return of 106 million US$s and 799102 tons of finished marble products in return of 323 million US$s [1] . Having 40% of marble reserves of all the world, Turkey is on the way to become to largest marble exporter of the world. In 1980, natural stone exports were 2 million US$. In 2006, this number has become 1 billion 27 million US$ and the volume of exports has increased 500 times.
Since marble has a great importance in export economy, the problems of marble factories have to be solved to increase productivity and decrease costs. Marble blocks produced from marble quarries are cut, polished and turned into marble products in marble processing factories. Some of the marble processing factories only produce marble planes or strips, whereas others produce final marble products. Factories producing marble planes have gangsaw machines or ST machines in order cut marble block into marble planes. The marble factories producing final marble products supplies marble planes (in different dimensions) from first group marble factories, then cuts these planes into final products in smaller dimensions (length 30,5cm; thickness 2-3cm, width 4-7cm).
The layouts of marble factories are generally made according to flow shop production systems. The layout changes with the introduction of new machines or new products. However, new machines are put to the free spaces without considering relocating the departments. In new product case, the flow of new products may be different than the current products. The layouts made without considering the affect of introducing new machines or products may cause larger transportation times between departments. Again, the facility layout problem arises. The facility layout can be defined as a plan of an optimum arrangement of departments, personal, equipments and storage spaces to design the best structure of the facility.
There are some types of layouts such as product layout, process layout, and fixed layout. Product type of layout is generally appropriate for the facilities which produce one product or one type of a product. Therefore, the machines (or departments) are configured as in the order of operations of the product. In process type layout, the machines that perform similar operations are grouped together. The products visit these groups in the order of their operations. In case of fixed type layout, the products and their components are placed in a fixed location and the labor, equipment or tools are brought to this location. ( [2] )
The layout problem may be stimulated by cost reductions, production design change, new product introduction and changes in demands [2] . According to these changes, the layout problem may arise to perform minor changes in the present layout, rearrangement of the current layout, relocating into existing facilities or building a new plant.
The objectives of the facility layout problems can be listed as; [2] .  To provide overall simplification  To minimize material handling  To provide high work-in-progress turnover  To provide effective space utilization  To stimulate effective labor utilization  To avoid unnecessary capital investment  To provide worker convenience and job satisfaction
The managers often minimize the material handling cost associated with the layout, since the cost of material handling accounts for 30% to 95% of the total production cost. Usually this cost is proportional to the distance moved.
The basic data to analyze the flow of materials is the order of operations of the products, i.e., routings. The flow of material analysis is the most important issue in layout planning where the movement of materials is a major portion of the process.
([2])
In the literature, there are so many study related to facility layout problem. The facility layout problem is surveyed by [3] . They give various formulations of layout problems and algorithms to solve these problems. Some heuristic approaches are also applied to facility layout problem [4, 5] . Some researchers [6] [7] [8] tried to solve the facility layout problem with meta-heuristics. Reference [9] summarizes the main characteristics of the most-used solution procedures for the facility layout problem. Lastly, the recent challenges in factory layouts are discussed by [10] .
In the next section, the facility layout problem in a marble factory is described. In Section 3, the analyses are carried out and an alternative layout is proposed. Also, the current and proposed layouts are compared in this section. Section 4 summarizes the study.
PROBLEM CHARACTERISTICS
Marble planes supplied from surrounding marble factories are used to produce five different products namely, A, B, C, D, and E. The geometric views and the dimensions of products are given in Figure 1 . The production steps of the products are given in Figure 2 . The shapes and dimensions of the marble plates are not same all the time. If the required thickness of the product is smaller than the thickness of the marble plate, so an operation named horizontal cutting have to be performed to reduce the thickness of the raw materials (i.e., marble plates). If the length of the marble plate is long enough to get more than one product, side cutting operation should be performed to cut the marble plate into products. The production steps of the products are generally same for all product types.
Figure 2. Operation flow chart
As seen in Figure 2 , raw materials placed on a pallet are moved to selection area with a forklift. After the selection operation, spoiled raw material is moved to spoilage without entering the factory. Afterwards, products which are already in right dimensions are moved to multi dimensioning machine whereas, others are moved first to side cutting and then to multi dimensioning machine. At this step, raw materials which are more than 3 cm thick go through horizontal cutting operation and their thicknesses are decreased to be less than 3 cm. After these operations, products go through three headed or four headed honing machines to be cut according to their geometric shapes. Finally, these products are washed and dried. After drying operation, products in the wheelbarrow are moved to final selection area. In this area, products go through another selection operation. The qualified ones are packaged and become ready for sale. Products are transferred one by one between operations except from the entrance to the selection operation.
The current layout of the factory is given in Figure 3 . At first, the production area is analyzed and the data is collected. The processing times of each product on each operation, the demands of products, the arrival rate of the demands are calculated by fitting the appropriate distributions. The Input Analyzer module of the ARENA 10.0 [11] is used for these calculations. These data is important for the modeling part of the production area and to compare the proposed and current layout performances. Then the simulation model of the factory is built in ARENA 10.0 [11] software package. The validation and verification of the model is done. 
PROPOSED LAYOUT
The relationships of the departments are analyzed as taking the flow of products in the factory. It is given in Table 1 as a from-to chart which shows the number of products transferred between departments. From-To chart is the most helpful tool used in the analysis of material handling related to facility layout. The bigger values refer to higher relationships. Therefore, the relations are coded in letters. A shows "absolutely necessary", E is used for "especially important, and I refers to "Important". The necessary distances between departments in the current layout can be seen in Table 2 . The values in the first parentheses show the distances in the current layout. According to the relations and their importance, a layout is proposed and it is given in Figure 4 . The distance matrix formed for the proposed layout can also be seen in Table  2 shown in the second parenthesis. The performances of the current layout and the proposed layout are compared according to the results obtained from the simulation models. Models are simulated for 67200 min (70 days, 16 h/day) with a warm-up period of 9600 minutes (10 days, 16 h/day). Both models are replicated 10 times. The analysis on the unit transportation time showed that it fits a uniform distribution with Uniform (0.5,1.2) min/m. Then, the time of a transportation is calculated as proportional to the distance travelled. The comparison of current and proposed layouts is given in Table 3 . As seen, the performance of the proposed model is better than the current one. The proposed layout reduces the average and total transportation time of a product through the system. By the proposed layout, total transportation time is improved 55% in comparison to the current layout. Also, the average transportation time per product is reduced from 34.52 to 14.02 with 59% improvement.
As the average and total transportation times are reduced in the proposed model, the productivity of the system is increased. The gained transportation times are used to produce 25 % more products.
CONCLUDING REMARKS
A facility layout in a marble factory is analyzed and an alternative layout is proposed by taking the relations and the flow information of departments into account. In the analysis and comparisons, the simulation models of the current and proposed layouts are used. The proposed layout reduces the total transportation time and also the cost of transportation. Since the total transportation time is reduced, the productivity of the system is increased.
In the modeling part of the system, it is assumed that there is infinite number of transporters or workers for the transportation operations. Additionally, the products are transported from one machine to other one by one. These assumptions do not change the better performance of the proposed layout. In the further studies, the number of products transferred between departments or the required number of transporters or workers can be optimized again by using the simulation technique.
